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Experimental details for sample preparation and instrumental analysis 
 
All sample handling was conducted in mbraun glove box with O2 and H2O content kept to 
less than 0.1 ppm.  Magnesium borohydride (95%), lithium borohydride(90%), anhydrous 
tetrahydrofuran (THF) and anhydrous dimethoxyethane (DME) were all purchased from 
SigmAldrich and all used as received.  Samples received were analyzed using infrared 
and elemental analysis prior to usage.  In all experiments, a predetermined amount of 
magnesium borohydride was weighed and allowed to stir in the solvent at room 
temperature for at least 2 hours.  All excess amounts were removed by filtering the 
solution prepared so that a clear solution was used in all further experimentation.  Mass 
balance showed that the concentration of magnesium borohydride was as follows: 0.5 M 
in THF, 0.1 M in DME and 0.18 M in solution of DME with LiBH4.   
 
Elemental Analysis 
As received samples were analyzed for impurities presence and elemental analysis was 
also conducted following sample dissolution and filtration.  The elemental analysis was 
conducted at Galbraith Laboratories Inc.  The following results were obtained: 
 
Mg(BH4)2 solid: Cl-1: 0.25%, F-1: <419 ppm, C: 1.54%, Li+: <193 ppm 
LiBH4 solid: Cl-1<52 ppm, F-1: <0.16%, C: <0.5%, Mg+2: <0.21% 
0.5 M Mg(BH4)2/THF: Cl-1:158 ppm, F-1: <167 ppm, Mg+2: 1.12% 
0.1 M Mg(BH4)2/DME: Cl-1 <49 ppm, F-1<14 ppm, Mg+2: 0.658% 
0.25 M LiBH4/DME: Cl-1:54 ppm, F-1<30 ppm, Li+: 0.24% 
 
Electrochemical testing 
The electrochemical testing was conducted in a three electrodes BASi 4 drams shell vial 
placed inside mbraun glove box at 25 ˚C at less than 0.1 ppm O2 and H2O content.  The 
working electrodes used included platinum (0.02 cm2), glassy carbon (.077 cm2) and 316 
stainless steel (.0341 cm2).  All the electrodes were polished, sonicated and kept in a dry 
vacuum oven prior to each experiment.  A magnesium wire and ribbon (BASi) were used 
as reference and counter electrodes, respectively.  Oxides which may form on the surface 
of Mg electrodes during storage were removed prior to each experiment by rubbing their 
surface with a glass slide.  Electrochemical testing was conducted using a BioLogic 
potentiostat ran at a scan rate of 5 mV s-1.  Galvanostatic deposition of magnesium was 
conducted on a 1.5 cm diameter, 0.01 cm thick polished platinum disk (99.997% 
Permion® Alpha Aesar) held at current corresponding to -0.7 V vs. magnesium.  Figure 
ES1 shows typical raw data directly measured for the oxidation and reduction currents 
function of time during cycling voltammetry voltage scan and the charge balance 
calculated using the EC-lab Software.  The coulombic efficiency was calculated by 
dividing the oxidation charge over the reduction charge.  As an example, the coulombic 
efficiency for 0.1 M Mg(BH4)2/DME (Figure ES1) was calculated as follows: charge 
consumed in reduction=-.745 mC, charge produced from oxidation=.502 mC, coulombic 
efficiency=.500/-.745*100%=67.3%.  Since the reference electrode used was a 
magnesium wire, the electrochemical testing was conducted in the voltage range between 
-1 and 1 V in order to limit the electrochemical activity solely to magnesium deposition 
and stripping. 
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Figure ES1: Raw data obtained during cyclic voltammetry experiment conducted for 0.1 
M magnesium borohydride/DME depicting a) the current measured with time during 
voltage cycling and b) the reduction/oxidation charge balance calculated for the 1st cycle.  
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The onset for the oxidation voltage was determined by the turning point at which a rapid 
increase in the current density was observed. 
The battery testing was conducted in a two electrode TomCell (TomCell Japan) with a 
Mg metal anode and Mo6S8 cathode (prepared according to the procedure presented in 
reference 1).  A glass fiber separator (Whatman .25 mm filterpaper) and 200 µl of 
electrolyte was used. The cathode consisted of 70% Mo6S8, 20% carbon black and 10% 
PTFE binder.  The cell was assembled in the glove box and ran at room temperature. 
 
Xray Diffraction 
Xray diffraction was conducted in Rigaku SmartLab equipped with Cu Kα Xray source. 
For all Xray analysis, the platinum disk obtained following galvanostatic deposition of 
magnesium was carefully washed with the respective solvent, dried then covered with 8 
µm Kapton film to prevent exposure to air.  All experiments were ran at 0.3˚ /min scan 
rate and 0.02˚ step size. 
 
 
Infrared analysis 
To prevent exposure to air during the analysis, an air tight Specac Smart Golden Gate 
ATRTM cell equipped with a diamond crystal was used in all IR analysis which was run 
using a Nicolet 8700 FTIR (by Thermo Scientific).  
 
Nuclear Magnetic Resonance NMR 
Nuclear magnetic resonance (NMR) measurements were performed using a Bruker 
Avance 500MHz spectrometer (11.7 T) equipped with a boron-free Bruker 4mm CPMAS 
probe.  About 90 micro-litters of solution samples were loaded into a 4mm ZrO2 rotor and 
sealed with a tightly fitting kel-F cap inside an argon glove box, and inserted into NMR 
probe under N2 flowing condition. Single pulse spectra were acquired at static condition 
for 1H and 11B, of which operating frequencies are 500.2 and 160.5 MHz, respectively. A 
4 micro-sec 90 degree pulse was applied for both nuclei and 1H decoupling was not 
applied during 11B measurements in order to avoid the radio frequency heating. The 
spectra were reported in part per million (ppm) with referenced to external standards of 
tetramethylsilane (TMS) and BF3·O(CH2CH3)2 for 1H and 11B, respectively. 
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Figure S1: Infrared spectra of solid magnesium and lithium borohydride.  The bands 
between 2000-2500 cm-1 represents B-H stretching vibrations and between 1000-1400 
cm-1 represents bending B-H modes [2,3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S2: Infrared spectra for 0.5 M magnesium borohydride in THF.  THF spectra is 
shown for reference.  The inset compares the B-H stretching region for 0.5, 0.15 and 0.1 
M Mg(BH4)2/THF solutions to demonstrate the absence of discernable changes in the 
relative peak ratios of νB-Ht to νB-Hb  and in the bands positions. 
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Figure S3: Infrared spectra for 0.1 M magnesium borohydride/DME.  DME spectra is 
shown for reference.   
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Figure S4:11B NMR (full range) for 0.1 M magnesium borohydride/DME and 0.5 M 
magnesium borohydride/THF.   
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Figure S5: 1H NMR (full range) for 0.1 M magnesium borohydride/DME and 0.5 M 
magnesium borohydride/THF. J(B-H) ~ 80 Hz. 
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Figure S6: Infrared spectra comparing .1 M magnesium borohydride/DME to 0.6 M 
lithium borohydride/DME. 
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Figure S7: Electrochemical oxidative stability of Mg(BH4)2/THF measured on a platinum, 
316 stainless steel and glassy carbon electrodes. Similar stabilities were obtained for 
Mg(BH4)2 electrolytes in DME. 
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Figure S8: a) Effect of LiBH4 on the electrochemical performance of Mg(BH4)2/DME 
at .25 M and .6 M concentrations (1.4 and 3.3 molar ratio to Mg(BH4)2). The cyclic 
voltammetry for 0.25 M LiBH4/DME is shown for reference to illustrate the absence of 
any electrochemical activity, b) Demonstration of LiBH4 (0.6M ) effects in .09 and .18 M 
Mg(BH4)2 /DME showing an improved electrochemical performance at higher Mg(BH4)2 
concentration. 
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Figure S9: Comparison of the IR spectra obtained for 0.6 M LiBH4/DME, .1 M 
Mg(BH4)2/DME and 0.6 M LiBH4/.18 M Mg(BH4)2/DME.  Enhanced BH4- ionicity in 
0.18 M Mg(BH4)2/0.6 M LiBH4/DME  electrolyte vs. 0.1 M Mg(BH4)2/DME found.  
Note that the B-H band in LiBH4/DME exhibits a broad large peak indicating the 
presence of several species4 (i.e. dissociation) which seems to be of higher ionic character 
compared to the B-H in Mg(BH4)2/DME and Mg(BH4)2/LiBH4/DME. 
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Figure S10: Effect of lithium borohydride concentration on the coulombic efficiency.  A 
proportional relation exits between LiBH4 amount the coulombic efficiency. 
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Figure S11: Discharge and charge capacity retention (40 cycles) for a battery cell 
consisting of Mg metal anode, Mo6S8 cathode and 0.18 M Mg(BH4)2/0.6 M LiBH4/DME  
electrolyte as function of cycle number. The cell was operated at a current rate of 128.8 
mAg-1 at room temperature.  (Mo6S8 theoretical capacity is 122 mAh g-1 and in order to 
experimentally get a reversible specific capacity closer to the theoretical value, 
optimization of the cathode preparation, lowering the charging rates and increasing the 
charging voltages would be needed). 
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Figure S12: X-ray diffraction obtained for the Chevrel phase cathode prior to () and 
after the 1st battery discharge (  ) demonstrating the magnesiation of the Chevrel phase 
Mo6S8[5]. 
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